Several studies have shown tracking of obesity from childhood to adult life. People who develop obesity in adult life may therefore have had a particular path of growth from birth through childhood. OBJECTIVE: To examine the relationship of obesity to size at birth and childhood growth. DESIGN: Birth cohort study. PARTICIPANTS: A total of 5210 individuals alive and living in Finland in 1997, who were born at the Helsinki University Central Hospital between 1924 and 1933 and who went to school in Helsinki were sent a questionnaire in order to get information about adult weight and height. Detailed birth and school health records were available for all subjects. In all, 3847 responded and 3659 (1552 men and 2107 women) with adequate data are included in the present study. MEASUREMENTS: Incidence of obesity based upon lifetime maximum body mass index (BMI) ascertained from a postal questionnaire and de®ned as a BMI b 30 kgam 2 . The main explanatory measurements were size at birth and childhood growth in height, weight and BMI. RESULTS: The cumulative incidence of obesity was 34.2% in men and 33.9% in women. The incidence rose with increasing birth weight and ponderal index (birthweightalength 3 ; P 0.01 and P 0.04, respectively). These associations were statistically signi®cant only among males. By the age of 7 y the mean weights, heights and BMI of people who later became obese exceeded the average and remained above average at all ages from 7 to 15 y. In both men and women there was a 3-fold increase in obesity associated with a BMI b 16 kgam 2 at age 7 compared with a BMI`14.5 kgam 2 (P`0.0001). Boys and girls whose mothers had a high BMI in pregnancy had more rapid childhood growth and an increased risk of becoming obese. This effect was stronger among boys (P 0.008). CONCLUSIONS: Obesity is initiated early in life. These results emphasise the importance of early preventive measures for its treatment.
Introduction
Obesity is a multifactorial disorder with various underlying causes including genetic, behavioral, environmental and cultural in¯uence. 1 ± 4 Several studies have shown tracking of obesity from childhood to adulthood, suggesting that early life factors are important in promoting adult obesity. 5, 6 Certain periods during childhood are proposed as being critical Ð the prenatal period, the adiposity rebound period around 5 ± 7 y of age and puberty. 7 People who had high birth weight have been shown to be at increased risk of becoming overweight in adult life. 8 ± 11 Likewise high body mass index (BMI) in childhood is associated with increased risk of obesity later in life. 5, 6 We do not know, however, whether and to what extent the increased risk of adult obesity associated with increased prenatal growth is modi®ed by growth through childhood.
We describe here the associations between body size at birth, maternal size in pregnancy, height and weight through childhood and development of obesity among 3659 men and women in a birth cohort study from Finland.
Methods
The study cohort consists of 7086 individuals who were born between 1924 and 1933 at the Helsinki University Central Hospital, who went to school in the city of Helsinki and were resident in Finland in 1971. Each member of the study cohort had both a detailed birth record and a school health record. Details of the birth records and the school health cards have been previously described.
12 ± 14 Data on the mothers include age, height and date of the last menstrual period, as well as body weight measured on admission in labor. Data on the new-born babies include birth weight, placental weight, length and head circumference. They also include information about the occupation of the parents. The school health cards include an average of 10 (s.d. 4) measurements of height and weight between the ages of 6 and 16 y. They also include the number of people living in the child's home, the number of rooms as well as the occupation of the father recorded at the time of ®rst examination. Using the father's occupation, which was recorded on the birth records, we grouped the men and women according to a social classi®cation used by the Central Statistical Of®ce. Overall 78% of the fathers were laborers and 12% were classi®ed as lower middle class. Together these constitute the lower social class as opposed to the upper social class, which is subdivided into upper middle class (2%) and self-employed (1%). The social class of 7% of the cohort was unclassi®ed.
A unique personal identi®er had been assigned to every Finnish resident by 1971. In our study we used this number to identify people belonging to the cohort. The 7086 individuals represent 91% for whom there were records. There were no differences in birth weight between the children who were traced and not traced. All 5210 individuals Ð from the original study cohort consisting of 7086 individuals Ð alive and living in Finland were sent a questionnaire in 1997 in order to get information about their present weight, height, use of medication as well as maximal body weight during their lifetime (during adult age, except pregnancy weights in women). A total of 3847 responded and 3659 of them with adequate data were included in the present study, 1552 men and 2107 women.
Statistical analyses
Tests for trends were based on the multivariate logistic regression using continuous variables, adjusted for year of birth and gender. We converted each height, weight and BMI measurement for each child to a Z-score using the method of Royston. 15 Interpolation between successive Z-scores with a piecewise linear function was performed and a Z-score obtained at each birthday from age 7 to 15. These Z-scores were back-transformed to obtain the corresponding height, weight and BMI at these ages. We used the number of persons in the household divided by the number of rooms to derive an index of density of household occupation. We log-transformed this index, and ignored missing values. Table 1 shows the maternal, neonatal and childhood characteristics of the 1552 men and 2107 women in the cohort, ie in total 3659 individuals. Maximum lifetime BMI was used to assess the cumulative incidence of obesity, using BMI b 30 kgam 2 as the cut-off point. The cumulative incidence of obesity was 34.2% among men and 33.9% among women. As expected, the association between present BMI and maximal lifetime BMI was strong (r 0.864; P`0.0001).
Results

Size at birth
The cumulative incidence of obesity in men and women tended to increase with increasing birth weight (P 0.09). Among men there was a positive linear correlation between birth weight and obesity in adult life, whereas no association was seen in women ( Table 2 ). Likewise among men there was a positive correlation between ponderal index at birth (birth weightalength 3 ) and the later risk of obesity (P`0.05), while no trend was observed in females (P 0.99). Also among Early growth and obesity J Eriksson et al males there were positive linear correlations between head circumference at birth (P 0.001) and later obesity. There was no linear association between placental weight and obesity (P 0.11), but a strong quadratic trend (P 0.009) with low rates of obesity at placental weight of 450 g or less.
Growth in childhood Figure 1 shows mean Z-scores for height, weight and BMI for the subjects who later developed obesity. The mean values for all subjects are set at zero. A change of 1.0 in Z-scores represents one standard deviation. In comparison with all other individuals the subjects who developed obesity had faster rates of growth in height, weight and BMI (all P`0.001) from birth to the age of 7 y. At 7 y the height, weight and BMI, of the men and women who later became obese exceeded the average and remained above the average at all ages between 7 and 15 y (Figure 1 ). Among both men and women childhood BMI at all ages from 7 to 15 y predicted adult BMI (P`0.0001). Table 2 shows the odds ratios (ORs) for obesity according to BMI at age 7. In men and women there was a 3-fold increase in adult obesity between those with a BMI below 14.5 kgam 2 and those with a BMI above 16 kgam 2 . The ORs for adult obesity were strongly affected by presence of obesity during childhood de®ned as being in the highest 10% of BMI at 7, 11 and 15 y. Among those obese at 7, 11 and 15 y of age 55%, 58% and 57% could be classi®ed as obese at some point in adult life. If the criteria for adult overweight (BMI 25 ± 29) is added to adult obesity then the corresponding percentages are 93, 94 and 93.
We assessed the combined effects of birth weight and BMI at age 7 on the risk of adult obesity (Table 3) . Again the baseline was set in the group with the birth weights of 2500 ± 3000 g and BMI of 14.5 kgam 2 or less. At each birthweight the ORs for obesity rose with increasing BMI at 7 y. In a simultaneous logistic regression with birth weight and BMI at 7 y as continuous variables, only BMI at age 7 predicted adult obesity (P`0.0001 in both sexes combined and for each sex separately).
Maternal characteristics
Maternal BMI was strongly and positively related both to childhood BMI and BMI in adult age (P`0.0001). However, in a simultaneous regression using both childhood BMI at age 7 and maternal BMI in the equation, both maternal BMI (P 0.003) and childhood BMI (P`0.0001) independently predicted obesity in adult life. Maternal BMI had a signi®-cantly stronger effect on the future risk of obesity in boys than in girls (P 0.008, interaction term; Table 2 ). Table 4 shows the combined effects of maternal BMI and childhood BMI at age 7 y on the cumulative incidence of obesity. The baseline was set in the group with the lowest BMI at age 7 and with lowest maternal BMI. Among women OR for obesity was 5.2 in those with a BMI b 16 kgam 2 at age 7 y and with a mother with a high BMI (BMI b 30 kgam 2 ). The corresponding value among the males was 7.9. Table 4 shows that maternal BMI is no great risk factor for obesity among women whose BMI was`14.5 at age 7. However, among the boys maternal BMI has a much bigger impact on future risk of obesity. 
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Socio-economic status in early life and adult obesity
Neither BMI in childhood nor the occurrence of obesity in adult life were related to the social class of the father. However, our sample was preponderately lower social class and had little power to test associations with social class. BMI at age 7 y was inversely related to numbers of inhabitants (P 0.001) and density of the homes (P 0.002, both sexes combined) where the children lived.
Discussion
Longitudinal studies are needed in order to measure the in¯uence of factors in early life on obesity in adulthood. However, longitudinal studies with data spanning from early childhood into adulthood are sparse. In the present study we have shown that risk factors for obesity are detectable early in life though they differ between the sexes. Higher BMI in childhood is a strong risk factor for adult obesity, although its effect is modi®ed by prenatal growth. The risk associated with higher childhood BMI is also modi®ed by maternal BMI, especially among men.
Our sample comprised men and women who were born in Helsinki University Central Hospital where about 60% of all births in the city took place, and who subsequently went to school in the city, who were alive in 1997 and responded to the questionnaire. The men and women were therefore not representative of all men and women in the city. Our analysis, however, was based on comparisons within the cohort and the association between early growth and obesity seem unlikely to be due to bias. The younger men and women in our cohort grew up during the Second World War. The war did not, however, have a major impact on growth. Weight at 11 y of age fell by only 1.4 kg in boys and 1.1 kg in girls between 1939 and 1942.
We used BMI as a measurement of obesity. The WHO recommends that the classi®cation of obesity is based upon BMI with a cut-off point of 30 kgam 2 . 16 BMI was based upon self-reported measures of height and weight. Although BMI is the standard obesity assessment, it is only one indicator of obesity. For each given BMI there is a large range of percentage body fat, which could not be taken into account in the present study. We have previously shown that, among men in this cohort, the effect of becoming overweight in childhood on later coronary heart disease is conditioned by growth in utero and does not solely depend on the absolute level of overweight attained. 13 Overweight in childhood greatly increased the risk of coronary heart disease among men who were thin at birth, measured by a low ponderal index, but did not do so among men who were not thin at birth. We suggested that babies who have low birthweight and are thin at birth lack muscle, which has a critical period of development in late gestation. They will have a disproportionately high ratio of fat to lean mass if they become overweight. This higher percentage fat mass will increase their risk of coronary heart disease. In contrast high BMI associated with high birthweight may re¯ect increased lean tissue which is not adverse. 17 The cumulative lifetime incidence of obesity is this cohort was similar among males and females, 34%. This is consistent with the known prevalence of obesity in many Western societies. 18, 19 The use of maximal BMI makes the overall prevalence higher compared to the use of current BMI. However, this did not affect the overall ®ndings and the correlation between current and maximal BMI was strong (r 0.9).
Birth weight is a crude indicator of prenatal growth. An association between birth weight and later obesity might Early growth and obesity J Eriksson et al therefore implicate a role of the foetal environment in the development of obesity. Based on a recent meta-analysis there seems to be a positive association between birth weight and adult obesity. 20 However, the in¯uence of birth weight on BMI is not necessarily uniform across the range of birth weight. In the present study we observed a positive correlation between birth weight and later obesity. However, this association was signi®cant only among males. Furthermore, among the males, there was a tendency towards a J-shaped relationship, consistent with previous ®ndings. 9, 20 The growth of those individuals who later developed obesity was faster in height, weight and BMI from birth to 7 y of age. Belonging to the upper quartile of BMI at age 7 was associated with a 3-fold increase in the risk of becoming obese in adult life in comparison with the lower quartile. These ®ndings stress the importance of the early origins of adult obesity. Whether this is due to environmental causes or early settings of metabolism remains to be determined.
It has been widely recognised that obesity runs in families. Parental obesity is a strong risk factor for childhood obesity, being the result of both genetic and environmental components. It has been proposed that at least 50% of the variation in body fat is caused by environmental and lifestyle factors. 21 ± 23 There is evidence that the foetus undergoes metabolic programming during gestation that may affect its metabolism for life. 24 ± 26 It has been suggested that lifestyle habits like diet and exercise levels may even track from childhood into adulthood. Familial patterns of adiposity could perhaps be partly explained by similar familial preferences for certain foods and exercise habits. Obese parents tend to underestimate their food intake, and there are suggestions that obese parents might underestimate the food intake of their children, which would obviously lead to obesity in childhood. However, twin studies do not indicate that family environment plays a major role in the etiology of adult obesity. 23,27 ± 29 We examined the association between mother's BMI and the risk of obesity in the offspring. Men whose mothers had a high BMI in pregnancy had an increased risk of becoming obese. The effect of maternal BMI was stronger in men than in women. The stronger effect of maternal BMI in males on future risk of obesity was also seen in combination with childhood BMI among males. Mother's BMI in late pregnancy re¯ects both weight gain during pregnancy and BMI before pregnancy. Weight gain in pregnancy results from an increase in fat, uterine and breast tissue, and extracellular uid, as well as from growth of the foetus and placenta. BMI in late pregnancy is highly correlated with BMI before pregnancy, the coef®cient in one study in the UK being 0.86 (K Godfrey et al, unpublished data).
In the present study we were not able to ®nd any correlation between obesity and socio-economic status in childhood. However, our study is restricted to men and women born in Helsinki University Central Hospital, where about 60% of all births in the city of Helsinki occurred at that time.
The fathers of 78% of the individuals were classi®ed as laborers. This may be unrepresentative of all men living in Helsinki. However, we know that in the early years of the century around 60% of men in the city were laborers.
It is important to keep in mind that multiple etiologies may result in similar degrees of obesity. The development and maintenance of obesity can be due to small daily errors in energy balance over a larger time period. The epidemic of obesity in elderly Finns seems to originate from early childhood. One-third of the obesity in the cohort was attributable to BMI at age 7 y. These ®ndings emphasise the importance of early preventive measures for obesity treatment. If greater birth weight correlates with later obesity this could be a mechanism partly underlying the trend in the global increase in obesity, since in many populations birth weights have increased during the past decades.
